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(54) A method and apparatus for generating a clock signal which Is compensated for a clock rate 
deviation therefor 



(57) A deviation of a clock rate of the timepiece 
clock signal is determined relative to a reference clock 
rate of a reference clock signal (CR) which is either 
issued while the mobile unit is switched on or is con- 
tained in a received signal. The reference clock rate is 
higher than the dock rate of the timepiece clock signal. 
A count number (N) is calculated based on the deviation 



of the clock rate of the timepiece clock signal. The clock 
signal is generated such that the clock pulses the clock 
signal are successively issued each time the clock 
pulses of the timepiece clock signal counted up to the 
count number. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention 

The present invention relates generally to improve- 
ments in a mobile communications unit which includes 
two clock generators of different accuracies, and more 
specifically to a method and apparatus for generating a 
clock signal by dividing a clock rate of a low precision 
timepiece clock signal after detecting a clock rate devia- 
tion of the timepiece clock signal relative to a high preci- 
sion type reference cloak signal. 

2. Description of the Related Art . 

It is known in the art to provide two clock generators 
of different accuracies in a mobile communications unit. 
That is. one having a high precision high rate reference 
clock generator for controlling an overall operation of the 
mobile unit, and another having a low precision low rate 
clock generator for keeping a timepiece alive during the 
periods the mobile unit is switched off. The purpose of 
the independent provision of the timepiece clock gener- 
ator Is to minimize a battery power consumption during 
the periods the mobile unit is de-energized. 

It is no unusual that the timepiece clock generator 
exhibits an accuracy lower than the reference clock gen- 
erator to reduce manufacturing coats. Therefore, it is 
necessary to occasionally compensate for any clock 
rate deviation of the timepiece clock generator using the 
high precision reference clock pulses. 

A known technique for the aforesaid clock rate com- 
pensation of the timepiece clock pulses is disclosed in 
the Japanese Laid-open Patent Application No. 4- 
60494. 

This prior art discloses a reference clock generator 
and a timepiece clock generator. The reference fre- 
quency generator operates only while the mobile unit is 
energized. A frequency comparator is provided to deter- 
mine, while the mobile unit is energized, a clock rate 
deviation between the two frequencies by comparing 
them. A variable frequency divider is supplied with the 
comparison result and compensates for the deviation of 
the clock pulses to be used for timing the timepiece. 
While the mobile unit is not energized, the timepiece fre- 
quency is directly applied to a timepiece control circuit 
without undergoing any clock rate compensation. 

This prior art however, fails to suggest any explicit 
manner of how to ascertain the deviation of the time- 
piece frequency from the reference frequency Further, 
the prior art fails to suggest any concrete arrangement 
for compensating the timepiece frequency by variably 
dividing the same. Still further, the prior art is unable to 
compensate for any deviation of the timepiece fre- 
quency while the mobile unit is not energized. Accord- 
ingly, with the above mentioned prior art. the timing 
errors undesirably accumulate while the mobile unit is 



switched off and become considerable when the mobile 
unit remains de-energized for long periods of time. 

SUMMARY OF THE INVENTION 

5 

It is therefore an object of the present invention to 
provide a method of effectively compensating for a clock 
rate deviation of timepiece clock pulses from reference 
clock pulses. 

10 Another object of the present invention is to provide 
an apparatus of accurately compensating for a clock 
rate deviation of timepiece clock pulses from reference 
dock pulses. 

A first aspect of the present invention resides in a 
15 method of generating a dock signal by clock rate divid- 
ing a timepiece clock signal and compensating for a 
dock rate change of the timepiece clock signal in a 
mobile communications unit, the timepiece clock signal 
continuing to issue even if the mobile unit is switched 
20 off. the method comprising the steps of: (a) determining 
a deviation of a clock rate of the timepiece clock signal 
relative to a reference clock rate of a reference clock 
signal while the mobile unit is switched on, the reference 
dock rate being higher than the clock rate of the time- 
rs piece clock signal; (b) calculating a count number based 
on tiie deviation of the clock rate of the timepiece clock 
signal; and (c) generating the clock signal whose clock 
pulses are successively issued each time the clock 
pulses of the timepiece clock signal are counted up to 
30 the count number 

A second aspect of the present invention resides in 
an apparatus for generating a dock signal by clock rate 
dividing a timepiece clock signal and compensating for 
a clock rate change of the timepiece clock signal in a 
35 mobile communications unit, the timepiece clock signal 
continuing to issue even if the mobile unit is switched 
off, the apparatus comprising: means for determining a 
deviation of a clock rate of the timepiece clock signal rel- 
ative to a reference clock rate of a reference dock signal 
40 while the mobile unit is switched on. the reference clock 
rate being higher than the clock rate of the timepiece 
dock signal; a calculator for calculating a count number 
based on the deviation of the dock rate of the timepiece 
clock signal; and a counter coupled to receive the time- 
rs piece clock signal and generating the clock signal 
whose dock pulses are successively issued each time 
the clock pulses of the timepiece are counted clock sig- 
nal up to the count number, 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present inven- 
tion will become more clearly appreciated from the fol- 
lowing description taken in conjunction with the 
55 accompanying drawings in which like elements are 
denoted by like reference numerals and in which: 

Fig. 1 is a block diagram schematically showing a 
first embodiment of the present invention; 
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Fig. 2 is a diagram schematically showing two clock 
pulses appearing in the arrangement of Fig. 1 ; and 
Fig. 3 is a block diagram schematically showing a 
second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present invention will be 
described with reference to Figs. 1 and 2. 

As shown in Fig. 1 , there are provided a timepiece 
clock generator 10 and a reference clock generator 12 
in a mobile communications unit The timepiece clock 
generator 10 continues to issue a series of low clock 
rate pulses CK to time a timepiece (not shown) even 
while the mobile unit is not energized. Although not 
shown in Fig. 1, the timepiece clock generator 10 is 
energized by a supplemental battery which can be 
recharged by a main power battery (neither shown). On 
the other hand, the reference clock generator 12 issues 
a series of high clock rate pulses CR only while the 
mobile unit is energized (viz., a main power switch (not 
shown) is turned on). In order to facilitate a better under- 
standing of the present invention, the clock rates of the 
signals CK and CR are respectively exemplified as 
32KHz and 19.2MHz. Throughout the remaining of the 
instant disclosure, the clock pulses CK and CR are 
interchangeably depicted by clock signals CK and CR. 
respectively 

The clock pulses CR are used to control an overall 
operation of the mobile unit while the mobile unit is 
switched on and thus the clock signal CR is required to 
exhibit an accuracy much higher than that of the time- 
piece clock pulses CK. 

As mentioned in the opening paragraphs, the time- 
piece clock generator 10 is of a low precision type to 
reduce manufacturing costs and thus, a deviation of the 
clock pulses CK from the reference clock pulses CR 
have to be occasionally corrected using the reference 
clock pulses CR. 

The timepiece clock pulses CK are applied to a 
counter 14 and a CPU (central processing unit) 16. The 
counter 1 4 outputs a series of clock pulses CK' each of 
which is generated each time the counter 14 counts up 
to a given count number N. This number N is subject to 
change to correct the deviation of the clock pulses CK 
as will be discussed later in more detail. The period T of 
CK" is depicted by Ts if the timepiece clock signal CK 
has no deviation from the clock signal CR. In other 
words, the period Ts implies the nominal period of the 
clock signal CK'. By way of example, Ts is set to 100ms. 

When the CPU 16 receives a signal 81 indicating 
that the mobile unit is switched on, the CPU 1 6 issues a 
control signal 82 which initiates the operation of the ref- 
erence clock generator 12. The clock pulses CR thus 
generated are applied to the CPU 14 and a counter 18. 

When the CPU 16 senses that the clock pulse gen- 
erator 10 reaches a stable state after the mobile unit is 
switched on, the CPU 16 issues a counter control signal 



S3 which is applied to the counter 18. More specifically, 
the CPU 1 6 responds to a leading edge (for example) of 
a given pulse of the signal CK (see a time point Ta in 
Fig. 2) and issues the counter control signal S3. The 

5 counter 18, in response to the control signal S3, counts 
the number of clock pulses CR until the CPU 16 issues 
the control signal S3 at a time point Tb (Fig. 2). It is to 
be noted that the signal S3 issued at Tb instructs the 
counter 18 to terminate the operation thereof. The 

10 number of periods (depicted by W) of the clock signal 
CK between the time points Ta and Tb is arbitrarily set 
but is determined in consideration of effectively imple- 
menting accurate counting of the clock pulses CR. facil- 
itating circuit design, etc. The value of "W* is 100 merely 

15 by way of example. 

Designating CRr and CKr the clock rates of the 
clock signals CR and Ck, respectively, the number of 
clock pulses CR (depicted by P) counted during the "W" 
periods (viz., between the time points Ta and Tb) is 

20 given by 

P=W[1/(CKr-D)]/[1/CRr]=W • CRr/(CKr-D) (1) 

where "D" represents a deviation of the clock rate CKr. 

25 The number of clock pulses CR thus determined is 
sent to a count number calculator 20 which calculates 
the count number N up to which the counter 14 counts 
the number of timepiece clock pulses CK. 

The count number N is determined using the follow- 

30 ing equation. 

Nr=TsAA/t1/(CRr-D)l=Ts(CKr-D)/W (2) 
The following relationship is obtained from equation (1). 

35 

(CKr-D)/W=CRr/P (3) 

Therefore, substituting (CKr-D)/W of equation (3) into 
equation (2), we obtain 

40 

N=Ts • CRr/P (4) 

The values of Ts and CRr are known, while the value of 
"P" is obtained at the calculator 20 and thus. N can be 

45 uniquely determined. Since N should be an integer, the 
computation result at the calculator 20 is rounded to the 
nearest whole number (viz., N is the rounded number). 

The count number N. outputted from the calculator 
20, is stored in a register 22 which may be included in 

50 the counter 14. 

Thereafter, the counter 14 counts the clock pulses 
CK up to N in order to issue the timepiece control clock 
signal CK' whose period (depicted by T in Fig. 1) should 
equal Ts or a value in the vicinity of Ts. That is. 

55 

T=N[1/(CKr-D)]=(N • P)/(W • CRr) (5) 

For a better understanding of the present invention, 
the operation for determining the count number N is 
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described using particular values o1 CRr, CKr and Ts. 

Assuming that CRr=19.2MHz. CKr=32KHz. Ts 
= 100ms. and WslOO. the count number N is obtained 
using equation (4). 

N=(100x10*^)x(19.2x(10®/P) (6) 
= 1920000/P 

If D=0, N is obtained from equation (2) 

N= 1 00 X 1 0 '^x32x 1 0 ^/1 00=32 (7) 

From equations (6) and (7), if D=0 then P=60000, 
Therefore, several values of T around P=60000 are 
determined. From equation (5) we obtain 

T=:(Nx P)/(1 00 X 1 9.2 X 1 0 ®) (8) 

Therefore, equation (9) is rewritten as follows. 

T=[(NxP)/1920000]x10 (9) 

For example, 

If P=60200 then N=3189. Thus. T is about 
99.99ms. 

If P=60300 then N=3184. Thus, T is about 
100.00ms. 

If P=59000 then N=:3254. Thus. T is about 
99.99ms. 

It is understood from the foregoing that the period of the 
compensated timepiece clock signal CK* is, in fact, 
effectively compensated in a manner which causes it to 
be nearly equal to the nominal period 100ms. 

The count number N is stored in the register 22 and 
thus, the timepiece clock can be compensated even 
while the mobile unit is not energized. The count 
number N is updated each time the mobile unit is 
switched on. However, if the mobile unit remains ener- 
gized for a long time duration, it is preferable to renew 
the count number N at predetermined time intervals 
(merely for example, every 24 hours). 

A temperature sensor 24 may be provided to detect 
a temperature change of the mobile unit in that the low 
precision clock generator 10 is susceptible to exces- 
sively low or high ambient temperature. \Aftien the sen- 
sor 24 detects that the temperature of the mobile unit 
falls outside of a predetermined range, the sensor 24 
supplies the CPU with a signal S4 indicative of an 
occurrence of an abnormal temperature change. The 
CPU 16 responds to the signal S4 and issues the signal 
S3 in order to renew the count number N. 

When the mobile unit is switched off. the CPU is 
advised of the situation via the signal Si. In this case, 
the CPU 16 terminates the operation of the reference 
clock generator 12. 

Reference is made to Fig. 3. wherein a second 



embodiment of the present invention is schematically 
shown in block diagram form. 

The second embodiment differs from the first one 
(shown in Fig. 1) in that the second embodiment us^ a 

5 dock signal CR' recovered from a received signal in 
place of the reference clock pulses CR. The clock 
recovery is well known in the art and hence merely a 
brief description is given. 

An RF (radio frequency) stage 30 is supplied with 

10 an RF signal via an antenna 32. amplifying the RF sig- 
nal and applying it to a mixer 34. The mixer 34 converts 
the RF signal into an IF (intermediate frequency) signal 
using a local oscillator 36. Then, the IF signal is ampli- 
fied at an amplifier 38. A clock recovery circuit 40 

75 receives the amplified IF signal and extracts therefrom a 
clock signal accompanying the received signal. The 
dock recovery circuit 40 applies a recovered clock sig- 
nal CR' to the CPU 16 and the counter 18. The subse- 
quent operations are exactly the same as discussed 

20 above. If the base station of a mobile communications 
system is provided with a reference clock generator of a 
very highly accuracy, this technique will correctly imple- 
ment the above mentioned timepiece clock compensa- 
tion. 

25 It will be understood that the above disclosure is 
representative of only two possible embodiments of the 
present invention and that the concept on which the 
invention is based is not specifically limited thereto. 

30 Claims 

1 . A method of generating a clock signal (CK*) by clock 
rate dividing a timepiece clock signal (CK) and by 
compensating for a clock rate change of said time- 
rs piece clock signal in a mobile communications unit. 

said timepiece clock signal continuing to issue 
when the mobile unit is switched off, said method 
comprising the steps of: 

40 (a) determining a deviation of a dock rate of 

said timepiece clock signal relative to a refer- 
ence clock rate of a reference clock signal (CR) 
while the mobile unit is switched on, said refer- 
ence clock rate being higher than the clock rate 

45 of said timepiece clock signal: 

(b) calculating a count number (N) based on 
the deviation of the clock rate of said timepiece 
clock signal; and 

(c) generating said clock signal whose clock 
50 pulses are successively issued each time the 

clock pulses of said timepiece clock signal are 
counted up to said count number. 

2. A method as claimed in claim 1 , wherein said count 
55 number is stored in a storage means. 

3. A method as claimed in claim 1 , wherein said clock 
signal generated using said timepiece clock signal 
is used to operate a timepiece provided in the 
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mobile unit. 

4. A method as claimed in claim 2. wherein said devi- 
ation of the clock rate of said timepiece clock signal 
is determined by counting a number of clock pulses 
of said reference clock signal during a predeter- 
mined number of periods of said timepiece clock 
signal. 

5. A method as claimed in claim 2. wherein said devi- 
ation of the clock rate of said timepiece clock signal 
is calculated in response to a situation where the 
mobile unit is switched on. 

6. A method as claimed in claim 2. wherein said devi- 
ation of the clock of said timepiece clock signal is 
calculated when a temperature of the mobile unit 
falls outside of a predetermined temperature range. 

7. A method as claimed in claim 2. wherein said count 
number is updated at predetermined intervals while 
the mobile unit is energized for more than a prede- 
termined length of time and wherein the updated 
count number is stored in said storage in place of a 
previously stored count number. 

8. A method as claimed in claim 2, wherein said refer- 
ence clock signal is a clock signal recovered from a 
signal received by the mobile unit. 

9. An apparatus for generating a clock signal (CK*) by 
clock rate dividing a timepiece clock signal (CK) 
and by compensating for a clock rate change of 
said timepiece clock signal in a mobile communica- 
tions unit, said timepiece clock signal continuing to 
issue even if the mobile unit is switched off, said 
apparatus comprising: 

means (16, 18) for determining a deviation of a 
clock rate of said timepiece clock signal relative 
to a reference clock rate of a reference clock 
signal (CR) while the mobile unit is switched 
on, said reference clock rate being higher than 
the clock rate of said timepiece clock signal; 
a calculator (20) for calculating a count number 
(N) based on the deviation of the clock rate of 
said timepiece clock signal; and 
a counter (22) coupled to receive said time- 
piece clock signal and generating said clock 
signal whose dock pulses are successively 
Issued each time the clock pulses of said time- 
piece dock signal are counted up to said count 
number. 

10. An apparatus as claimed in claim 9, further com- 
prising a storage for storing said count number. 



vided in the mobile unit 

12. An apparatus as claimed in claim 10, wherein said 
deviation of the clock rate of said timepiece clock 
5 signal is determined by counting a number of clock 

pulses of said reference clock signal during a pre- 
determined number of periods of said timepiece 
clock signal. 

10 13. An apparatus as claimed in claim 10. wherein said 
deviation of the clock rate of said timepiece clock 
signal is calculated when the mobile unit is 
switched on. 

15 14. An apparatus as claimed in claim 10, wherein said 
deviation of the clock of said timepiece clock signal 
is calculated when a temperature of the mobile unit 
falls outside of a predetermined temperature range. 

20 15. An apparatus as claimed in claim 10, wherein said 
count number is updated at predetermined inter- 
vals while the mobile unit is energized for more than 
a predetermined period of time and wherein the 
updated count number is stored in said storage in 

25 place of a previously stored count number. 

16. An apparatus as claimed in claim 10, wherein said 
reference clock signal is a clock signal recovered 
from a signal received by the mobile unit. 

30 . 
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11. An apparatus as claimed in claim 9, wherein said 
first clock signal is used to operate a timepiece pro- 
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